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ABSTRACT. Results  of t h e  s t a t i s t i c a l  processing 
of t h e  phase dependence of Mars br ightness  i n  the  
s p e c t r a l  region between 0.3 and 1.1 v a r e  given. The 
br ightness  v a r i a t i o n s  wi th  the  longitude of t h e  c e n t r a l  
meridian a r e  analyzed. It was found t h a t  r e f l e c t i v i t y  
of Mars f a l l s  down quickly between 0.4 and 0.6 v,.and 
the  law of r e f l e c t i o n  from t h e  Martian su r face  changes 
i n  t h i s  s p e c t r a l  region. 

A t  t he  present  time a g r e a t  deaf of both i n t e g r a l  and surface  obseava- 

t i o n a l  ma te r i a l  from photometry of Mars has been compiled. To provide a 

more v a l i d  physica l  i n t e r p r e t a t i o n ,  and a l s o  to  so lve  t h e  problems involved, 

it  is necessary t o  genera l ize  a l l  of t h e  e x i s t i n g  mater ia l :  t o  obta in ,  on 

t h e  one hand, the  most probable average values of the  photometric characteris- 

t i c s  of the  p lanet ,  t h e  s p e c t r a l  behavior of these  c h a r a c t e r i s t i c s  w i t h  

phase, e t c . ,  and,on t h e  o t h e r  hand, t o  es t imate  t h e  poss ib le  s c a t t e r  of these 

values,  caused both by observat ional  e r r o r s ,  and t h e  n a t u r a l  s c a t t e r  caused 

by s p a t i a l  nonuniformity of t h e  su r face  and the  atplosphere of t h e  p lmet ,  as 

w e l l  a s  the  changes taking place  i n  t h a t  time. 

One of the  s t u d i e s  i n  t h i s  d i r e c t i o n  is  [I], which genera l izes  the data 

on t h e  geometric albedo of Mars. In  t h i s  s tudy the  phase dependence of che 

i n t e g r a l  br ightness  of Mars is analyzed. S t a t i s t i c a l  processing is perfomed 

of t h e  b a s i c  observations of t h e  monochromatic s t e l l a r  magnitudes of Mars, 

Numbers i n  the margin i n d i c a t e  pagination i n  t h e  fo re ign  t e x t *  



which encompass the  i n t e r v a l  i n  which the  phase angle changes which i s  

assumed f o r  observations from the  Earth [2  - 61. This s tudy is  of value, 

p a r t i c u l a r l y  i n  connection wi th  the  problem of the  opposi t ion  e f f e c t  sf Mar8 

14, 71. A problem s i m i l a r  t o  t h a t  which w e  have pos tu la ted  was solved in 

[8]. However, i t  was f o r  d a t a  averaged over ind iv idua l ,  l a r g e  s p e c t r a l  

i n t e r v a l s .  

The observed values  of t h e  s t e l l a r  magnitude s f  Mars undergo s i g n i f i -  

can t  f l u c t u a t i o n s  (up t o  om.3) . The r e a l  component of these  f l u c t u a t i o n s  

i s  caused both by the  long i tud ina l  e f f e c t s  and by clouds and o ther  meteorolog- 

i c a l  phenomena [9]. The r e a l  b r igh tness  f l u c t u a t i o n s  were excluded, due t o  

t h e  f a c t  t h a t  they have a d e f i n i t e  s p e c t r a l  p a t t e r n ,  independently o f  the 

reasons f o r  them. 

I n  the  f i r s t  approximation, a l l  

of the  curves m(a) w e r e  approximated 

by square parabolas. The d i f f e r e n c e s  

were represented 

a s  funct ions  of t h e  wavelength X fo r  

a given value  of the  phase angle a ,  

Then the  systematic por t ion  of the 

s p e c t r a l  behavior of Am(X) (see 

Figure 1. Typical  curves f o r  t h e  
sys temat ic  s e c t i o n  Am(A) over the  
spectrum. Figure 2 gives the  dependence s f  

m(a) f o r  X 7297 i, obtained in [2, 31 

above (Figure 2, b) a s  an  example. 

The smooth dependenc 
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condit ion corresponds t o  t h e  f a c t  t h a t  the  c o e f f i c i e n t  whose modulus was  

g rea te r  than 95% of t h e  confidence i n t e r v a l  f o r  t h i s  c o e f f i c i e n t  was aasimed 

t o  be s i g n i f i c a n t .  

Then the  t r a n s i t i o n  from expansion i n  Chebyshev polynomials t o  ordinary 

polynomiaPs i n  powers of a is  ca r r i ed  out .  The r e s u l t s  of the  ca lcu la t ions  

curve from t h e  ca lcula ted  polynomial; y i -  c o e f f i c i e n t s  of t h i s  poHymda1; 

Table 2 gives the  r e s u l t s  of s i m i l a r  treatment of the  i n t e g r a l  brightness 

of Mars i n  the  UBV system based on da ta  from [2 ,  31. 

It can be  seen from Table l t h a t  i n  the  major i ty  of cases,  i n  the 

observed i n t e r v a l  of phase angle values and f o r  a given l e v e l  of e r r o r s ,  the 

phase dependence of the  i n t e g r a l  br ightness  of Mars is  described by a square 

parabola. The non l inea r i ty  increases  when a change is  made from Barge 

wavelengths t o  shor te r  wavelengths, so  t h a t  i n  the  wivelength region s f  the 

spectrum t h e  square term is sometimes i n s i g n i f i c a n t ,  and t h e  cubic t e r m  can 

be  est imated i n  t h e  s h o r t  wave region a t  times. 

The r e s u l t s  of processing individual  obsewat ions  were reduced t o  one 

photometric system, t o  t h e  system used i n  [2 ,  31,  and then averaged with 

and t h e  i n t e r v a l  of the  phase angle i n  which the  obsewat ions  were perfomed,  

The da ta  i n  [ 4 ]  were connected i n  an absolute  manner by normalizing the 

i n t e g r a l  wi th  respect  t o  a between 0 t o  4 5 O .  The d a t a  i n  [ 6 ]  w e r e  excluded 

i n  t h e  averaging, a s  having r a t h e r  Barge e r r o r s  and an  i r r e g u l a r  s p e c t r a l  

behavior, 

The f i n a l  r e s u l t s  a r e  given i n  Table 3 .  I n  t h e  s p e c t r a l  i n t e r v a l  where 

only observations from [2 ,  31 a r e  given, t h e  values s f  the  mean square 
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Figure 3 shows t h e  behavior of 

t h e  geometric albedo of Mars fa the 

region 0.3  - 1.1 IJ corresponding t o  

t h e  second eoPum 'of Table 3 

For d a t a  i n  [ 2 ,  31, curves were 

drawn up of t h e  BongitudinaB effect 

of the integral. '  br ightness  of Mars 

(Figure 4) obtained by graphic 
Figure 3 .  P a t t e r n  of t h e  geometric 
albedo of Mars over t h e  spectrum. averaging ( the  i n i t i a l  d a t a  are 

h) " 

The maps sf Mars given i n  Ill, 121 were used to determine t h e  relative 

, , 



meridian. A comparison of the 

c h a r a c t e r i s t i c s  of t h e  curves 
h'1g7i fo r  the  long i tud ina l  ef feet of 

br ightness  and t h e  nuniber of 

h~530i  seas  i s  made i n  Figure 5. i t  

can be seen t h a t  there  is  a * JJ~" c o r r e l a t i o n  between t h e  minlmum 

br ightness  and t h e  maximum 
h U I S S ~  

number of seas  i n  t h e  long 

wave s p e c t r a l  region,  which is 
h ~573; 

natura l .  I n  the  shore wave 

region,  the  maximum number s f  

seas  i s  cor re la ted  with t h e  

maximum brightness.  This means 

t h a t  i n  the  given s p e c t r a l  region 

A 1294i t h e  i n t e g r a l  br ightness  of the 

plane t ,  which i s  covered only 

adJ93i! by seas ,  exceeds t h e  i n t eg ra l  

br ightness  of the  martian 

cont inents  completely. This  may 

be r e l a t e d  not  only t o  a d i f f e r -  

ence i n  albedo, but  a l s o  t o  

d i f f e r e n t  laws governing the 

darkening toward t h e  edge s f  the 

Figure 4. Longitudinal e f f e c t s  of the  d i s k  on the  seas  and continents 

i n t e g r a l  br ightness  of Mars i n  of Mars. The conclusion was 
d i f f e r e n t  s p e c t r a l  regions.  

advanced recen t ly  [I31 that 

the re  are d i f f e r e n t  Paws govern- 

i n g  the  r e f l e c t i o n  of l i g h t  from seas  and cont inents  i n  t h e  v i s i b l e  spectral 

region based on d a t a  from sur face  photometry. 

An ana lys i s  of t h e  s p e c t r a l  behavior of t h e  geometric albedo and the 

phase c o e f f i c i e n t s  a l s o  fos te red  t h e  conclusion t h a t  i n  t h e  region $,4 - 0,6 i~ 
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Figure 5. Comparison of t h e  c h a r a c t e r i s t i c s  
of t h e  long i tud ina l  a f f e c t  Am(L) and the  
number of seas .  

the re  is  a rapid  change both i n  t h e  r e f l e c t i v i t y ,  and in the  law govelrning 

r e f l e c t i o n  of l i g h t  from t h e  surface .  

The phenomenon sf a change i n  t h e  law governing r e f l e c t i o n  of Pighe 

over t h e  spectrum is  connected with a change i n  t h e  r o l e  of s c a t t e r  

i n g  of higher orders when the  r e f l e c t i v i t y  changes. This phenomenon i s  

observed during ind ica to r  measurements of t e r r e s t r i a l  samples. However, on 

t h e  Martian surface  t h i s  change is  very c l e a r l y  expressed- (see a l s o  [I411 and 

is  i ts  c h a r a c t e r i s t i c  photometric fea ture .  This l e a t u r e ,  which requ i res  

t h a t  t h e  s p e c t r a l  behavior of t h e  o p t i c a l  constants  of t h e  substance be  cornm 

bined wi th  t h e  p roper t i e s  of the  su r face  micro-rel ief ,  must be taken i n t o  

account when i n t e r p r e t i n g  t h e  o p t i c a l  p roper t i e s  of t h e  surface  s f  Mars and 

when iden t i fy ing  the  components of i t s  rocks. I n  p a r t i c u l a r ,  t h i s  is 

connected wi th  t h e  semi-transparency of micro-relief elements on t h e  Martian 

surface .  
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